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1.0 INTRODUCTION 

This Sampling and analysis Plan (SAP) has been prepared by CH2M-JONES, LLC. The 
plan is designed for Zone AI Site 41-Building 191; Underground Storage Tank (UST) 
191NW and Aboveground Storage Tank (AST) 191 located at the Charleston Naval 
Complex (CNC), Charleston, South Carolina. 

The South Carolina Department of Health and Environmental Control (SCDHEC) has 
designated this site as Identification Number: 00936. This SAP provides methods to 
further evaluate the applicability of intrinsic remediation and monitoring well 
abandonment as a corrective action for UST 191 in accordance with SCDHEC Corrective 
Action Guidance, June 1997. 

1.1 General Site Description 

The CNC is in the city of North Charleston, on the west bank of the Cooper River in 
Charleston County, South Carolina as shown in Figure 1. This installation consists of 
two major areas: an undeveloped dredge materials area on the east bank of the Cooper 
River on Daniel Island in Berkley County, and a developed area on the west bank of the 
Cooper River. The developed portion of the base is on the peninsula bounded on the 
west by the Ashley River and on the east by the Cooper River. The site is located within 
the developed portion of the base as shown in Figure 2. (Tetra Tech, NUS [TTNUS], 
Standard Limited Assessment (SLA) forUST 191 1999). 

The area surrounding CNC is "mature urban", having long been developed with 
commercial, industrial, and residential land use. Commercial areas are primarily west of 
CNC; industrial areas are primarily to the north of the base along Shipyard Creek. A site 
vicinity map, which exhibits adjacent properties and structures, vicinity roads, current 
utilities, and vicinity surface drainage, is included as Figure 2. 

Building 191was constructed in 1961. The facility served as a humidity-controlled 
warehouse for photo-chemical and computer software. UST 191NW was a 1,500-gallon 
steel UST which provided diesel fuel to the buildings diesel-powered condenser units. 
Aboveground Storage Tank (AST) 191 was a SSO-gallon steel AST which provided fuel 
oil to the buildings boiler for heating (TINUS, SLA Report ,2000). 

1.2 Objective 

This CAP presents the groundwater monitoring plan to assess the down gradient plume 
migration and intrinsic bioremediationlnatural attenuation of petroleum hydrocarbons 
contamination in order to validate the assumptions and calculations used in the in the 
SLA completed by TTNUS 2000. Details for the abandonment of monitoring wells at 
this site are also included in this plan. 
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2.0 RECEPTOR SURVEY 

A receptor sunrey of the site vicinity was conducted by TTNUS personnel to identify 
potential receptors for petroleum hydrocarbon contamination. The site map Figure 2 
depicts the public utilities located within 250 feet of the former UST 191NW and AST 
191 study area. Specific information concerning the depth of utilities bls is currently 
unavailable, however, utilities at t..his site generally are between 2 to 6 feet bls. The 
following utility receptors were located: 

TABLE 1 
UTILITY ON-SlTE OR DISTANCE! DEPTH TO UTILITY 

DIRECTION FROM SITE 
Gas Not believed to be within a 250 ft See additional comments 

radious of Bldg. 191 
Electrical 5 ft southwest of former UST See additional comments 

191NW 
Sewer 20 ft north and 90 ft east of Bldg. See additional comments 

191 
Storm Drain 10 ft northwest. 70 ft west and See additional comments 

150 ft west, 200 ft east of Bldg. 
191 

Water 100 ft east of Bldg. 191 See additional comments 

Additional Comments: Detailed utility maps of the Building 191 area exist only for 
storm drainage. All other utility location are based upon site reconnaissance of water 
meters, fire hydrants, and manhole covers. 

According to the SLA report completed by TTNUS, a survey of groundwater users within 
a 7 -mile radius of CNC was conducted by the South Carolina Water Resources 
Commission to ascertain the extent of any shallow groundwater usage. Results ofthe 
water use investigation revealed that no drinking water wells, which utilize the shallow 
aquifer, are located within a 4- mile radius of CNC. Irrigation wells are not identified 
within 1,000 feet of the site. Numerous monitoring wells are located within 1,000 feet of 
the site. No basements are located on the CNC property. 

There are no city, county or state-zoning ordinances, the property (CNC) is currently 
owned by the federal government. Information concerning zoning ordiiiances was 
obtained from the SOUTHDIV Remedial Project Manager located at 2155 Eagle Drive, 
North Charleston, South Carolina 29406 (TTNUS, 1999). 

2.1 Fate and Transport Modeling 

No groundwater concentrations exceeded the SCDHEC Risk Based Screening Levels 
(RBSLs); therefore, fate and transport modeling is not required. 
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2.2 Site-Specific Target Levels 

According to the SLA, the only potential receptor as a construction worker ingesting or 
dennally contacting soil while working in a utility trench Site soil concentrations were 
compared with RBSLs for ingestion or dennal contact with surficial soil. Surficial soil 
was not impacted at the site; however, for the construction worker pathway, exposure to 
subsurface soil is evaluated as surface soil because the worker is expected to have direct 
contact with the subsurface soil. The calculations for dennal contact and incidental 
ingestion can be found in the SLA completed by TTNUS. As shown below, no soil 
concentrations exceeded the Risk-based Screening Levels (RBSL); therefore, a 
construction worker ingesting or contacting impacted soil is not considered at risk and 
not considererd for further analysis. 

TABLE 2 
RBSL for Ingestion or 

Maximum Concentration Delmal Contact with Soil-
Compound of Concern (mg/kg) Commercial Exceed the RBSL 

(mg/kg) 

Benzene <.006 200 No 

Toluene <.006 410,000 No 

Ethylbenzene <.006 '1(\(\ (\(\(\ 
~vv,vvv No 

Xylencs <.006 1,000,000 No 

TotalBTEX ND N/A No 

Naphthalene 2.237 41,000 No 

Benzo( a )anthracene <.430 3.9 No 

Benzo(b )f1uoranthene J260 3.9 No 

Benzo(k)f1uoranthene <.460 39 No 

Chrysene BOO 390 No 

Dibenzo( a,h )anthrecene <.460 0.39 No 

• J indicates lID e51imated value le3s than the laboratory's practical quantitation limit. 

2.3 Soil Leaching SSTL 

SSTLs were calculated for Naphthalene concentrations leaching from subsurface soil to 
groundwater using the SCDHEC Soil Leachability Model and Selected Minimum 
RBSLs. The input parameters for the leachability model were determined using the 
figures in the SCDHEC Risk-based Corrective Action Guidelines (January 1998), soil 
quality and grain size data, and the Selected Minimum RBSLs calculated for the site. 
The soil leaching SSTLs calculated Naphthalene is provided in the following table 
(TTNUS 2000). 
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TABLE 3 

Chemical of Concern Concentration in Soil Leaching SSTL 
SB-05 (mglkg) (mg/kg) 

Naphthalene 2.237 54 

The soil leaching SSTL for Naphthalene is 54 mglkg, which is above the maximum 
naphthalene concentration detected (2.237 mglkg), indicating the soil naphthalene levels 
will not leach into the groundwater at concentrations above RBSL for a construction 
worker. 
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3.0 PROPOSED REMEDIATION TECHNOLOGY 

Based on the results of the Tier I and Tier II modeling, an Intrinsic Remediation with a 
monitoring period of 18 months will be perfonned for the site. The monitoring program 
will consist of sampling initially all of the surrounding wells adjacent to the source point, 
and only sampling selected wells thereafter. The proposed monitoring program is 
described in detail in Sections 4.0 and 5.0 of this plan. 



4.0 MONITORING WELL INSTALLATION AND ABANDONMENT 

4.1 Monitoring Well Installation 

Because of the amount and locations of monitoring wells located in and around this site, 
no monitoring wells will be installed as part of this plan. 

4.2 Monitoring Well Abandonment 

Eight monitoring wells will be abandoned at Building 191 following the South Carolina 
Well Standards and Regulations R. 61-71. The well abandonment will include grouting 
wells, removing stick-ups and removing all guard posts. Any well casing and screen 
removed will be decontaminated and disposed of as general refuse 

4.3 Surveying 

Because no monitoring wells will be installed at this site, a new survey will not be 
conducted. 

4.4 Equipment Decontamination 

AJI drilling equipment, augers, well casing and screens, and soil and groundwater 
sampling equipment involved in field sampling activities will be decontaminated 
according to the Environmental Protection Agencies (EPA) " Environmental 
Investigations Standard Operating Procedures and Quality Assurance Manual 
(EISOPQAM). 
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5.0 PROPOSED GROUNDWATER MONITORING PROGRAM 

5.1 Monitoring Frequency and Reporting 

The groundwater monitoring program proposed at building 191 will be performed in 
accordance with SCDHEC and consist ofthe followi.l'lg: 

TABLE 4 
Sampling Date Monitoring Wells Field Measures 

Sampled 
Second half' 2000 MW-Ol, MW-OOI, MW- 1", pH, Conductivity, 

07, MW-8D, MWOS Depth to water, total 
depth, Turbidity 

first half2001 MW-Ol,MW-OOl,MW- 1", pH, Conductivity, 
07, MW-8D, MWOS Depth to water, total 

depth, Turbidity 

Second half 2000 MW-Ol, MW-OOI, MW- 1", pH, ConductiVIty, 
07, MW-8D, MWOS Depth to water, total 

depth, Turbidity 

1. second hlIlf: July through December 
2. first hlIlf: January through June 

Laboratory Analytical 

Naphthalene 8260 
BTEX8260 

Sulfate, Nitrate, Total 
dissolved iron, alkalinity, 

methane 
Naphthalene 8260 

BTEX 8260 
Sulfate, Nitrate, Total 

dissolved iron, alkalinity, 
methane 

Naphthalene 8260 
BTEX 8260 

Sulfate, Nitrate, Total 
-- -.. 

chssolved tron, alkallruty, 
methane 

• Frequency: Initially all monitoring wells at this site will be sampled. Thereafter, 
groundwater samples will be collected from wells MW -01 as a source well, MW-
043-001 as the up gradient well and MW-07 as the down gradient well. 

• Reporting: Semi-annual groundwater monitoring reports will be submitted to 
SCDHEC. 

Included in the semi-annual reports will be field and analytical information from the 
certified laboratory indicating well numbers, analytical methods used, date sampled, 
date analyzed, a..nd method detection limits. 

At the end of the 18-month period, a performa..TlCe evaluation will be submitted to 
SCDHEC providing the effectiveness of the intrinsic biodegradation/natural 
attenuation occurring and any recommendations for the site. 

• Groundwater Sampling 

Prior to any groundwater sampling, each well will be measured for water levels and total 
depth and each well will be purged in accordance the EPA EISOPQAM. 



5.2 Analytical Parameters 

The following constituents will be analyzed for each groundwater sample: 

• Naphthalene using method 8270. 
• BTEX using method 8260. 

The following parameters will be analyzed in order to evaluate the effectiveness of 
intrinsic remediation: 

• Nitrate (NO-J) 
• Sulfate (SO-4) 
• Total dissolved iron 
• Methane (ClL) 
• Alkalinity 

5.2 Field Measurements 

The following parameters will be sampled in the field: 

• Temperature 

• pH 
• Dissolved Oxygen 
• Depth to water table 
• Depth of well 
• Turbidity 
• Specific Conductance 

Field measurements will be recorded in the field book and in field forms provided in 
Appendix B of section 7. 

5.3 Groundwater Level Measurements 

Groundwater measurements will be taken from ail monitOiing wells at the site dur'.ng 
each sampling event. All water level measurements will be taken on the same day as 
anticipated sampling. 

Measurements will be taken with an electrical water level meter or interface probe if 
floating product is present using the highest part of the top of the casing as a reference 
point for determining depths to water and total depths. Water level measurements will be 
recorded to the nearest 0.01 foot in the field book. 
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5.4 Sample Handling 

Sample Handling will be conducted with the following references: 

EPA EISOPQAM (EPA May, 1996) 

5.5 Sample Packing and Shipping 

The following forms will be completed to complete the packing/shipping process: 

• Sample labels 
• Chain-of-custody labels 
• Appropriate labels applied to shipping coolers 
• Chain-of-custody forms 
• Federal express air bills 

5.6 Quality Control 

Quality Control (QC) samples will be coUected during sampling events. QC samples 
may include field blanks, field duplicates, and trip blanks. Definitions of each can be 
found below as described by the EISOPQAM: 

• Field Blank: a sample collected using organic-free water, which has been 
run over/through sample collection equipment. These samples are used to 
determine if contaminants have been introduced by contact of the sample 
medium with sampling equipment. Equipment field blanks are often 
associated with collecting rinse blanks of equipment that has been field 
cleaned. 

• Field Duplicates: Two or more samples collected from a common 
source. The purpose of a duplicate sample is to estimate the variability of 
a given characteristic or contamination associated with a population. 

= Trip Blank: A sample, which is prepared prior to the sampling event in 
the actual container and is stored with the investigative samples 
throughout the sampling evenL They are often packaged for shipment 
with the other samples and submitted for analysis. At no time after their 
preparation are trip blanks to be opened before they reach the laboratory. 
Trip blanks are used to determine if samples were contaminated during 
storage and/or transportation back to the laboratory ( a measure of sample 
handling variability resulting in positive bias in contaminant 
concentration). If samples are to be shipped, trip blanks are to be provided 
with each shipment but not for each cooler. 
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5.7 Control Limits 

TABLE 5 
Analysis Control Parameter Control Limit Corrective Action 

Air Monitoring Check Calibration of Cahbrate to Recalibrate. If unable to 
"'fA. A~th1 
"-''1C'lrr.~] manufacv.LTes calibrate, replace. 

specifications 
pH of water Continuing calibration pH= 7.0 Recalibrate. If unable to 

check of pH 7.0 buffer calibrate, replace 
electrode. 

Specific Conductance of Continuing calibration > 1 % of standard Recalibrate. 
water check of standard 

solution 

5.8 Record keeping 

In addition to records kept in logbooks, forms will be kept on log sheets for soil and 
groundwater. 

5.9 Site Management and Base Support 

Throughout the investigation activities, work on the CNC will be coordinated through 
SOUTHDIV and SCDHEC. 

The primary contacts for each are as follows: 

1. SOUTHDN point of contact 
Gabe Magwood 
Southern Division Engineering Command 
2155 Eagle Drive 
North Charleston, SC 29406 
(843) 820-7307 

2. SOUTHDN point of contact 
Tony Hunt 
Southern Division Engineering Command 
2155 Eagle Drive 
North Charleston, SC 29406 
(843) 820-7307 

5-4 



REFERENCES 

South Carolina Department of Health and Environmental Control.; 1997. Corrective 
Action Guidance. 

Tetra Tech NTJS, Inc.; 1999 Standard Limited Assessment for Site 41 (Building 191), 
Charleston, South Carolina. 

Tetra Tech NUS, Inc.; 2000 Standard Limited Assesment for Site 41 (Building 191), 
Charleston, South Caolina. 

United States Environmental Protection Agency.; 1990. Code of Federal Regulations 
136. 

United States Environmental Protection Agency.; 1988. EPA Users Guide to Contract 
Laboratory Program. 

United States Environmental Protection Agency.; 1996. EPA Environmental 
Investigations Standard Operating Procedures for Quality Assurance Manual. 

R-l 



541 Leachab,lIty xis DATA ENTRY 10/1111999 11 08 AM 

IN-SITU SOIL RISK EVALUATION 

SOUTH CAROLINA 
Department of Health and Environmental Control (DHEC) 

Site Data 

SITE 10 # 00936 COUNTY Charleston 

I FACILITY NAME Site 41, Buiiding 19i 

STREET ADDRESS Charleston Naval Complex, North Charleston; SC 

Soil Risk Evaluation Data 

Figure 
TPH 290 mg/kg 

Soil % SAN 0 (Estimated) 28 % 
Soil % CLAY (Estimated) 25 % 
Worst Case Benzene mg/kg Cs 

Soil Analyses Toluene mg/kg Cs 
Ethylbenzene mg/kg Cs 

Xy!enes mg/kg Cs 
Naphthalene 2.237 mg/kg Cs 

MTBE mg/kg Cs 
Natural Organic Carbon Content 11200 mg/kg foc 

Average Annual Recharge 25 cm Hw 

Distance from highest Soil 
Impact to water table o cm L 

Bulk Density of Soil 1.27 g/cc Bd 1 
Wetting Front Suction 32 cm Hf 2 
Soil Hydraulic Conductivity 9.00E-05 cm/sec Kf 3 
Porosity 0.52 decimal % <D 4 
Residual Water Content 0.08 decimal % Wr 5 

List possible human exposure pathways from surface soi!. 
Soil leaching to groundwater - utility trench 

Site Specific Data in Bold. 

Soil Leachability Figures C- through C5. 
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S41 Leachability.xls Naphth. Calc. 10/11/199911:08AM 

CALCULATIONS: 

Equation Set I - Determine soil pore water concentration resulting from physical partioning (Cwl. 

Step 1 - Calculate the total organic carbon content (fcsl of the soil. 

fcs = (foc +TPHi1.7241·1E-6 

Step 2 - Calculate the concentration of COC in soil pore water (Cwl directly in 

contact with the contaminate soil. 

Cw 

Equation Set II - Determine the velocity of the soil pore water (Vwl 

Step 1 - Calculate the air filled porosity (fl in decimal percent. 

Step 2 - Determine the time for water to percolate through the vadose zone soil 

(from depth of worst case soil sample to the water table at site!. 

" - Wr = 

t '"' (flKf)"(L·(Hw-HfW!ln!Hw + ((L-Hfli(Hw-Hfllll 

Step 3 - Determine the velocity of the water (Vwl in feet per year. 

Vw = (lI30.48cm/ftl/(t/31.500.000seciyearl 

Equation Set III - Determine the organic retardation effect (Vcl of the contaminant. 

Step 1 - Calculate the soil/water distribution coefficient (Kdl (mllgl for uncontaminated soil. 

Kd = Koc·foc·1E-6 

Step 2 - Calculate the retardation effect of natural soil organic matter on coe migration. 

Vc = Vw·(1 + ((Bd·Kdl/oll 

0.0114 decimal % -----

___ 0_.0_1 ___ mg /l 

0.44 decimal % -----

o seconds 
--~~= 

24098816 ft/year -----

17.2816 mllg ------

557.753 ftiyear -----



S41 Leachab,lity xts Naphth Summ 10/11/1999 1108 AM 

IN-SITU SOIL RISK EVALUATION 

SOUTH CAROLINA 
Department of Health and Environmental Control (DHEC) 

Site Data 

SITE 10 # 00936 
.. I I=LlrlllTY NAME Site 41 Building 191 I I \'-'I~I • '.0_ , 

Instructions 
Provide results, separately, for each constituent in the worst case soil analysis. 

Data 
List Constituent: NAPHTHALENE 

(BTEX, Napth.) Table 
Bioremediation "half-life" 48 days t 1/2 1 
Soil/water partitioning coefficient 1543 mUg K oc 1 

Results 

Equation C"'. __ 
0lt;;fJ 

Set 
Total Organic Carbon Content 0.0114 decimal % f cs I 1 
Leachate Concentration 0.010 mg/I Cw I 2 
Air Filled Porosity 0.44 decimal % f II 1 
Infiltration Rate Time o seconds t II 2 
Velocity of Water 24,098,816 ft/year Vw II 3 
SoillWater Distribution Coefficient 17.28 mUg Kd III 1 
Contaminant Percolation Rate 557,753 ft/year Vc III 2 
Time to Reach Groundwater o days Tc IV 1 
Concentration reaching Groundwater 1.63 mgll Cp IV 2 
Site Specific Target Level 54 mg/kg C sstl V 

Conclusions 

Does concentration of chemical of concern in soil exceed SSTL? NO 

Risk of Human Exposure due to contaminated soil. 

YES x NO --------
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Construction Worker Incidental Inge!ition RBSLs -- ----,-------------

BW AT IR ED EF Target CSF oral Rfd oral RBSL 
kg day Liday yrs days/yr Risk or HQ mg/L 

Benzene 70 25550 0.01 1 90 1.00E-06 2.90E-02 685E+01 
Toluene 70 365 0.01 1 90 1.0 NA 2.00E-01 5677.778 
Ethylbenzene 70 365 0.01 1 90 1.0 NA 1.00E-01 2838.889 
Xylene 70 365 0.01 1 90 1.0 NA 2.00E+00 56777.78 
f'.!CiP_hlhalene 70 365 0.01 1 90 1.0 NA 4.00E-02 ~~~5.5~~ - ---- - -- - - - - - -- --- -~-~---

Prepared B~ "cwD ~ Reviewed By: -t .c.e~ly:~ 



Minimum Construction Worker RBSLs 

Dermal Incidental Ingestion 
I~BSL RBSL 
mg/L mg/L 

Benzene 0.85 
Toluene 23.98 
Ethylbenzene 6.05 
Xylene 102.33 
Naphthalene 1.63 

-: 0 ,oJ 
Prepared By: _l:S:;>"",,,AJ-:J C'l~ .. "_ 

\ 

68.52 
5677.78 
2838.891 

56777.7B 
1135.56 

Inhalation Minimum 
IRBSL RBSL 
mg/L mg/L 

0.15 0.15 
5.19 5.19 

14.70 6.05 
102.12 102.12 

2.63 1.63 

Reviewed By: 
b~ ,a·'····'i' " ... :.-. 
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541 Leachability xis DATA ENTRY 

IN-SITU SOIL RISK EVALUATION 

SOUTH CAROLINA 

Department of Health and Environmental Control (DHEC) 

Site Data 

SITE ID # 00936 COUNTY Charleston 

Site 41, Building 191 FACILITY NAME 

STREET ADDRESS Charleston Naval Complex, North Charieston, SC 

Soil Risk Evaluation Data 

TPH 290 mg/kg 

Soil % SAND (Estimated) 28 % 
Soil % CLAY (Estimated) 25 % 

Worst Case Benzene mg/kg 

Soil Analyses Toluene mg/kg 
Ethylbenzene mg/kg 

Xyienes mg/kg 
Naphthalene 2.237 mg/kg 

MTBE mg/kg 
Natural Organic Carbon Content 11200 mg/kg 

Average Annual Recharge 25 cm 

Distance from highest Soil 
Impact to water table o cm 

Bulk Density of Soil 1.27 g/cc 

Wetting Front Suction 32 cm 

Soil Hydraulic Conductivity 9.00E-05 cm/sec 
Porosity 0.52 decimal % 
Residual \/\!ater Content 0.08 decimal % 

List possible human exposure pathways from surface soil. 
Soil leaching to groundwater - utility trench 

Site Specific Data in Bold. 
Soil Leachability Figures C- through C5. 

IN-SITU SOIL RISK EVALUATION 

Cs 
Cs 
Cs 

Cs 
Cs 

Cs 
foc 

Hw 

L 

Bd 
Hf 

Kf 
<D 

Wr 

10/1111999 11 06 AM 

Figure 

1 
2 
3 
4 
5 
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841 Leachability.xls Naphth. Calc. 

SOIL LEACHABILITY MODEL FOR NAPHTHALENE 
RISK-BASED CORRECTIVE ACTION FOR PETROLEUM RELEASES 

SITE INFORMATION: 
r-------------~------------------------~ Site: Site 41, Building 191"': 

Location: Charleston Naval COfflptex, North Charleston. SC·.· 

REFERENCES: 

INPUT: 

i 1) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Figure 1. 

(2) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Table 2. 

(3) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Input Parameters. 

(4) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Table 1. 

(5) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Figure 2. 

(6) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Figure 3. 

(7) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Figure 4. 

(8) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Figure 5. 

COC Chemical of Concern 

Bd Soil Bulk Density (1) 

Crsbl Risk Based Screening Level 

Cs Concentration of COC in soil 

DAF Dilution/Attenuation Factor (2) 

foc Organic Carbon Content in Soil (3) 

H' Henry's Law Constant (4) 

Hf Wetting front suction head (always negative) (5) 

Hw Average Annual Recharge (3) 

Kf Soil Hydraulic Conductivity (6) 

Koc Soil/Water Partioning Coefficient (2) 

L Depth between soil sample with 

greatest COC concentration to groundwater. 

" Porosity (7) 

t1/2 Biodegradation "half life" (2) 

10/11/199911:08AM 

NAPHTHALENE 

g/cm3 1.27 

mg/LI 1.63 

mgikg .... "''''''7 L.'.;;) 1 

unitlessl 2 

mg/kg 11200 

unitlessl 0.002 

cm -32 

cm 25 

cm/s 0.0001 

ml/gl 1543 

cm 0 

unitless 0.52 

days I 48 

mg/kg 290 TPH Total Petroleum Hydrocarbons. EPA Method 3550 

Wr Residual Water Content (8) volume fraction 0.08 



S41 Leachability .xls Naphth. Calc. 10/11/1999 11 :08 AM 

CALCULATIONS: 

Equation Set I - Determine soil pore water concentration resulting from physical partioning (Cw). 

Step 1 - Calculate the total organic carbon content (fcs) of the soil. 

fcs = (foc +TPH/1.724)·1E-6 

Step 2 - Calculate the concentration of COC in soil pore water (Cw) directly in 

contact with the contaminate soil. 

Cw 

Equation Set II - Determine the velocity of the soil pore water (Vw) 

Step 1 - Calculate the air filled porosity (f) in decimal percent. 

0.0114 decimal % -----

0.01 mg/I -----

'" - Wr = 0.44 decimal % 

Step 2 - Determine the time for water to percolate through the vadose zone soil 

(from depth of worst case soii sampie to the water table at site). 

t = (f/KW(L-(Hw-Hfll"iin(Hw + ((L-HfjiiHw-Hflll) 

Step 3 - Determine the velocity of the water (Vw) in feet per year. 

Vw = (Ll30.48cm/ft)/(t/31,500,000sec/year) 

Equation Set III - Determine the organic retardation effect (Vc) of the contaminant. 

Step 1 - Calculate the soil/water distribution coefficient (Kd) (ml/g) for uncontaminated soil. 

-----

o seconds -----

24098816 ft/year -----

Kd = Koc·foc·1E-6 = 17.2816 ml/g ------
Step 2 - Calculate the retardation effect of natural soil organic matter on COC migration. 

Vc = Vw·(1 +«Bd·Kd)/,,1I = 557.753 ft/year -----



S41 Leachability.xls Naphth. Calc. 10/11/1999 11:08 AM 

Equation Set IV - Determine biodegradation rates and provide final CDC concentration (Ct) at depth of concem. 

Step 1 - Calculate the time (Tel in days required for the COC to reach groundwater. 

Tc = 365 daylyr"«Ll30.48cmlft)Nc) = 0.00 days -----
Step 2 - Calculate estimated concentration of CDC in the soil pore water (Cp) necessary to protect groundwater. 

Cp "" 10~(log (Crsbl) + ((TcI2.3)"(O.693/t1/2))) = ___ 1_.6_3 ___ mgll 

COC concentration in soil pore water rCp) is greater than Crsbl, therefore the SSTL must be calculated. 

Equation Set V - Calculate the Site Specific Target Level (SSTL) for the CDC in soil. 

Csstl for IAPHTHALENE = Cp"DAF"((Bd"Koc"fcs) + Wr+ (P'H'''))/(Wr*1g/cc+ Bd)) = 53.990779 mglkg 

in soil 

Date 

(&-/l~"-;:---
CHECKED BY:-+,+-________ _ 

\' Date 



S41 Leachability xis Naphth Summ 

IN-SITU SOIL RISK EVALUATION 

SOUTH CAROLINA 
Department of Health and Environmental Control (DHEC) 

Site Data 

I SITE 10 # 00936 
FACILITY NAME Site 41, Buildinq 191 

Instructions 
Provide results, separately, for each constituent in the worst case soil analysis. 

Data 
List Constituent: NAPHTHALENE 

(BTEX, Napth.) 

Bioremediation "half-life" 48 days t 1/2 

Soil/water partitioning coefficient 1543 ml/g Koc 

I Results 

Total Organic Carbon Content 
Leachate Concentration 
Air Filled Porosity 
Infiltration Rate Time 
Velocity of Water 
SoillWater Distribution Coefficient 
Contaminant Percolation Rate 
Time to Reach Groundwater 
Concentration reaching Groundwater 
Site Specific Target Level 

Conclusions 

0.0114 decimal % 
0.010 mg/l 

0.44 decimal % 
o seconds 

24,098,816 fUyear 
17.28 ml/g 

557,753 fUyear 
o days 

1.63 mg/l 
54 mglkg 

Does concentration of chemical of concern in soil exceed SSTL? 

Risk of Human Exposure due to contaminated soil. 

YES x 

f cs 
Cw 
f 
t 
Vw 
Kd 
Vc 
Tc 
Cp 
C sstl 

--------

IN-SITU SOIL RisK EVALUAI iuN 

10/1111999 11 08 AM 

Table 

1 
1 

Equation Step 
Set 

I 1 
2 

II 1 
II 2 
II 3 
III 1 
III 2 
IV 1 
IV 2 
V 

NO 

NO 
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Construction Worker Dermal RBSLs 

Kow MW Kp B "Cevent C b t" tevent DAevent 
cm/hr unitless hr/event hr hr/event 

Benzene 199.5262315 78.1 0.11551543 0.392637855 2.87E-01 (j.32E··01 6.03E-01 6.90E-01 1 eq 3.3 
Toluene 537.0317964 92.1 0.259561335 0.958068292 3.44E-01 i.13E+00 1.31E+00 1.33E+00 1 eq 3.2 
Ethylbenzene 1412.537545 106.2 0.,569219802 2.256154884 4.13E-01 2.36E+00 4.39E+OO 1.70E+OO 1 eq 3.2 
Xylene" 1584.893192 106.2 0.638675123 2.531447415 4.13E-01 2.63E+00 5.31E+00 1.72E+OO 1 eq 3,2 
Napilthalene 1995.262315 128.2 0.605452393 2.636638957 5.48E-01 2.73E+00 5.69E+00 2.29E+00 1 _____ e_g3.~ __ . 

----- -------

BW AT EV ED EF SA CSF derm Rfd derm Target RBSL RBSL 

kg day events/day yrs days/yr cm2 (mg/kg-day)"l mg/kg-day Risk or HQ mg/L mg/L 
Benzene 70 25550 1 1 90 4500 2,99E-02 NA i.00E-06 8.52E-01 
Toluene 70 365 1 1 90 4fiOO NA 1.60E-01 1.0 2.40E+01 

Ethylbenzene 70 365 1 1 90 4!500 NA 9.70E-02 1.0 6.05E+00 
Xylene" 70 365 1 1 90 4500 NA 1,84E+00 1.0 1.02E+02 
Naphthalene 70 3E,5 1 1 90 ~500~ '--------~I\_---- 3.20E-02 '1.0 1.63E+00 

-- ---- -------.---~ -~~- .. ---~--- ----------------- --

* Kow and MW values for xylene, m-

('-'~ \ 
Prepared By: 'hA.c--D ~-=...<""'):..-.L.. __ _ Reviewed By: 

t'~"~ 



Construction Worker Incidental IngE!stion RBSLs -- ------------------

BW AT IR 
kg day Uday 

Benzene 70 25550 0.01 
Toluene 70 365 0.01 
Ethylbenzene 70 365 001 
X.ylene 70 365 0.01 
Naphthalene 70 365 0.01 

Prepared B~ A N,QD ~"",.....:::.r-.,....::::r",:>-_ 
I 

ED 
yrs 
1 
1 
1 
1 
1 

--

EF 
days/yr 

90 
90 
90 
90 

__ 90 __ 

Tar! ~et 
Risk ( 
1.001 

1. 

lr HQ 
1:::-06 
o 

1. o 
1 o 
1 o 

CSF oral Rfd oral 

2.90E-02 
NA 2.00E-01 
NA 1.00E-01 
NA 2.00E+00 

NA 4.00E-02 

Reviewed By: -t ,c.e'x-'-'SY~ 

RBSL I 

mg/L 
6.85E+011 
5677.778 
2838.889 
56777.78 
1135.556 



Construction Worker Inhalation RBSLs 

f 
Chemical 

I 
TR (carc) 

I HI (non:=!C3W;gdult AT Sfi (carc) RfD(n~ IR air EF ED RBSLU H RBSLwater 

yr [mg/kg-dayr1 
[mg/kg-day] mJ/day day/yr yr mg/m cmJ/cmJ 

mg/L 

Benzene 100E-OS NA 70 70 2.90E-02 NA. 20 90 1 3.43E-02 2.2SE-01 0.152 
Toluene NA 1 70 1 NA 1.10E-01 20 90 1 1.5SE+00 3.01 E-01 5.187 
Ethylbenzene NA 1 70 1 NA 290E-01 20 90 1 4.121E+OO 2.80E-01 14701 
Xylenes NA 1 70 1 NA 2 20 90 1 2.B4E+01 2.78E-01 102.118 , 

Naphthalene NA 1 70 1 NA 3.71 E-04 -, -
20 90 1 52i'E-03 2.00E-03 2.S33 I - -- - ---_._.-

P,epa,"d ~- .~~ ~<~O ~ Reviewed By: 
~""" C< ~-<.-S i<. 'v~ 
u 



Minimum Construction Worker RBSLs 

Dlermal Incidentallngestiol1 
F~BSL RBSL 
mg/L mg/L 

Benzene 0.85 
Toluene 23.98 
Ethylbenzene 6.05 
Xylene 102.33 
Naphthalene 1.63 

Prepared B;:_··~'C">0,"U (\'h 
\ 

68.52 
5677.78 
2838.89 

56777.78 
1135.56 

Inhalation Minimum 
RBSL RBSL 
mg/L mg/L 

0.15 0.15 
5.19 5.19 

14.70 6.05 
102.12 102.12 

2.63 1.63 

Reviiewed By: 

~/' ,oX~ ,{, .0-:'--

'\J 
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BORING LOG Page L of -.!.. 
PROJECT NAME: _....:C~~.:.::lt;...'(;:.._· ..::S~'.:.;:te:;...4...;..:..l ~6:.;.:\d:.:~lt-!,...:.qJ...\ _BORING NUMBER: t..j. / I:; l' i 
oROJECT NUMBER: _N~O~2:.:...19"-_--:"Z::.l:o:a.n~e,-,Ai..!..-__ DATE: A f N 1'1 '1 

,ILLINGCOMPANY: L.o{u....:...,,,,S,:_ GEOLOGIST: _~i1. ________ _ 
DRILLING RIG' DRILLER' it:. ",.1'..( 

MATERIAL DESCRIPTION u\ 
PlDIflO II ...... ' (p""" 

s.mpI. e.pltt 81_" S.mpl. I.llttolo9y I I 
No, (Fl.1 c· or RKO~Hy Ch ... o- 5"il 
.. d Of "00 _I~I~ILI ~I I r~~~I'1 o.".I~1 I j rp.l Ru .. 

,%, S~. I Con,l.t.ne Remarks i lOG ROD No, L.ngth 0' ,Colo Mat~rt;! CtassincaUon S Ie! Scr.Wfi.d Of . ., • 5 ~ 
1m ...... Roc" " G 

Hardn ••• 

j "".",." .!.-t- S', \+-{ ~~~ /' r;. •. 

(.. . ./ t ,/0 

<. ."../ ,"....,l S".J ( \7 ~(.t ( ( .. ) ../ .".. 

4-
.".. 2.% I~J;, 

~/ i'!.,. S, I-f--r r, i 
:>,~-

! /./ l. \0 
, 

( y,l;"' ) ':;0 
( ,. /' r 

, 6 .. ..) '( 11-~ >~.....-V .-.~., 

,/ 
, 

V, ( , 
L <::, J 1\ '., .. 3 0 , 1-;.' •• , ' I 

/ 
0 r 

1- c. 1, < I: 
."../ C\. .... I I t-'<J _, I 

6 
/" 

L{-/<-1 ~ .; (i, /' 01 /0 _ Jt:-hJi· ... f ·_t vl.l 

1 ./ 
t I,; -( s,_Q /,,/ 'i 

/' : 
! 10 

, I ) ,/ I ,,-

IL. //' '-i! tf t/' 
" 

0-" 
./ 

• 0 , 

// 

/' 
-' ... 

, 

" ,... 
IL' 

... 
/' 

. 
// 

./ 

, 
,/' 

."..0 

,/ 
... 

v/ 
! ."../ ! .-
i / i 

// 

~/// 
, , rock ccnno, f!nt!r nxk bfokenen 

~~ ~rks: ______________________________________________ ___ 

onverted to Well: Yes T ... '1.""9" 
No ___ _ Well 1.0. #: 

. 
0 .. ,( 

H'le, ~ {. (? 0 ,C c 

)-1/1.". d' 0 C: I:' .? 

" 
~ J... \! :. (~ +-""' __ '" , --J 

i 
! 
i 
~/ 

I 
I 

" 

V' 

Drilling Area 
Background (ppm): ""1 ----t 



BORING LOG Page-Lof-L 

PROJECT NAME: 0{UC, 5\\-e l.\\ 6\dg \'\1 BORING NUMBER: 4 I i3-/; Z. 
PROJECT NUMBER: --~),i·o.;;"v"i-:"-~-O-z..;":'t~q~~-Z:~o'-n""~~B"'- DATE: (.:./ 'f/~« 
DRILLING COMPANY: ( ell¢d" .... '" ,I"" GEOLOGIST: _-::-----,....-_____ _ 
DRILLING RIG' DRILLER' k.,.--ti 

IS~~D.pm MATERIAL DESCRIPTION 
a ....... I Sempl' I.ImoloQy 

Snll I I u I NO'~ iFtI 
, .. ~r A.cov«y ChanV'" S end tH 1100 I t (~1tIiI'1. 

Type Run ('toJ S~. , C~:I:~~:C I ~ c 
ROD Ho, Leng!!! 0' y Colo Matt,i.1 Classification S 

Sc:" .... d Of . 
Int.",. ~oc:k 

Hardn, .. 

I ,/ Ii, ~ I, <: IV 
/ 114 

"" 

'l- " 
/'" 

/' 

) // i-f. 
: i-,., S; (-Iv ~~ 

'-f 
/ 

tiff 
Pr', 

(("'f 1//" O. So--ly 
I ; /"/ j.,-t S; f-iy sJ f),v. 

L, 
",/ .L, 

,,/ 

:)- r/I ~,1 .. £1, ,,-t I I 
/; I 

L~". L (~v<'i S, 
if, "./ " . /' 

ct // M 
/0 ,.,./"-" 

II // 

It. /" 
,/ 

,/' 
:/,/" 

// 
,.,. 

// 
./ 

, 
/ 

/'" 

/'" '" 
, 

,/ 
/' 

./' 
./ '" 

,,/ 
/' 

/ 
// 

,.,.-

/ 
,.-.,-

// 

1// 
/ 

• WMn rock ccnng. enter rock brgkenesS 
•• Include monitor reading In e fOOl inil!Nits ~ borehole Incr!'~<;~ reollo:ting frequency if __ !!!Vllle<! repollS8 lead 

Remarks: _~ _________________ --__ _ 

PlDlFlO "MCIInI (ppm. 

N . 
~ Remaiks I • 

~ 

III 
0 II 

1 I I II 

J~I'Y 0 0 ~ 0 

V 
f'ltLo, ,-I 1& () ~ I:> 
, 0 Sv. + .... v,,".(...v 

.-1" 

Drilling Area _---'"t 

Background (ppm): I '-_ ..... 

Converted 10 Wen: Yes 'L vV'/J. No ---- WeI! 1.0. #: __ ~ ______ -::-__ 

( 



BORING LOG 
PROJECT NAME: {, AJ G- 5\k 4\ BORING NUMBER: 

OJECT NUMB ER: -t\I-c-'Z.-::\q:-=--';:;-Z=-or-re.~~A---DATE: 

Page L of .l::. 

t..i- { (>r/;.3 
'" I Cf(C(f. 

{ILLING COMPANY: __ ~t.v=..;..lIK-=,---..;..i...;....;~ _____ GEOLOGIST: ----f'--;--------
..JRILLING RIG' (J..-L.:> P • ..lJt-. DRILLER: Kc&>-..... J I 

0..:::::; 

MATERIAL DESCRIPTION PIC/FlO Reading (ppml 

Sample Cepth Blows' Sample lithology u 
No. (Ft) S" or Recovery Change S _;;~~;It·, I I I I~ L L and a, ROO I (Ce-tt"JFt 

Material Classification I ~ I Remarks 

'

Type a~ Run I ('10) I Sample I 1') 
RCO I No. length a, 

Screened • E or # 

Interval Rack 
Hardness 

. 

/' 0," - if ( t'j'5i. _I' t ~'-"-

7.. /' 
"2. /' jJ, i::-,'~ S~ ,. I~,· 

0 
'f L 1-)'+ J, S, I~" s,~J 
-- /' ~ 

~ 

/' D·· 'S~ '.r C ( .. -/ 

I 
I 

=--~ 

'-D) <J 
I 

I 

L 1/.1.7 

1- / " 
, 

1; 
13 1/1~lt.% 00" (((."~Y <::,.J I-

/' 
I 

C (1 l' (j,~'/~J a/. .) ,>--./ 

I 0 /' l 
i I /' s ; {-I-.{ ~, __ ~ 

/ 'V-+ 
, 

It. \ [/ 

1'3 /' 
Ii.} /' 
lr- /' 
;L /' t.14- C!;y-ey " vI. -: (,-< .. j/ y 

d~ I 
I I 
1 1 

I~~I:-I \ I 
1f /' \ V' 
7~' /' :, "/4 IJ; ~./ <. ~ ' /-1 l ....... ./:..;...........), 
-zi /' { I 
L"1... /' I ( 
L) /' I j 

I I 
Uf /' y 1-+ I / 

I \J/ ~\ v 
Le, /' I 

~ I 

" 'V' 

.'hen rock conng, enter rock brokeness. 

., Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

Remarks: -------------------------------------------

.. 
Iii • a C en III 

I"), ,j <.:) 0 Co (~ 

( 

711t ; >.{ 

d! 0 c- O 

~lt.o·>-f 

<; ~:. +tA " .. -I:J 
~ 

S' I .,--1 vi. /"-v- -(-..J 

\ IZ. ~ 0 0 

i 
.J; 
( 

\ 
, 
\ 

.J 
I 
I 

I 
I 

'V 
I 
I 
I 

I 
I 
"/ 
~ 

Drilling Area.-----, 
Background (ppm):j L-_....J 

Converted to Well: Yes T'±"-f No ---- WeIlI.D. #: __________ _ 



BORING LOG Page ~,of..2:... 

PROJE CT NAME: _~t. ~j0~L-....;S;..;i~-\e;-.4~\:.........:;B='d,,:,,:CL~I_q __ l _ BORING NUMBER: '-I; i5 t 5> 
PROJECT NUM8ER: NDt...\q -Zone. 'Pt DATE: (,-/ i..[-,' f"'-
DRILLING COMPANY: ~':';;":::;;';L~v:"'1 v..-c.A--V.~J7:-' '-,,--~==--~"';"""--GEOLOGIST: __________ _ 

DRILLING RIG: DRILLER: 

MATERIAL DESCRIPTION 
S.mpll D.plh Blow~ I S.mpll LtlhoioQY I 1 u 

No, 1Ft.1 ,- cr Roe ..... ..., Chan;. Snil 5 

ITy;'d1 R:" I ROO I''':''' f"';'"" I '::~;:'I j 1%) C 
ROD No I ~ I L.nvth or y Colo Mat.rlil ClnslOcation 

Sero .... d Of 

Inllrv. Rock 
H..-dn ... 

z.C ,,/ CI. -, (' J 
I-I~ ,)r.. / 

1:l /" 
it/ ,./., 

,/ y~ &.4\ ('I1"J 
r, 

1C-J /,/ '~~ JLI'. \~ S~V 
Z'-f 

// 
,/ 

\ 1 

'~O ,// /z, i t, 

./ 
/" . . 
/' 

V,/ 

.... / I I I t I /' 

1/// 

/' 
// 

/' 

,/ 
/" 

/,// 

, 
/' 

/ 

/,' 
/" .. 

, 
./ 

.' 

,-
// 

..-/' 
/ 

",/'1' 

/' 

,/ 
/ 

// 
-' 

./ 
/' 

// 
/ 

" // 

// 
// 

• Wh~ rock ccnng, enter rodt brokenen 
- Includ~ monllOf leading In 6 loollnleNals ~ bOrehnle Incr,,~<;~ rp;o(!lng fr!!quency il e!evlIted repense ,ead 

Remarks: _________ ---------------

!'1cn:tD R.MlftO Ippm) 

N : L 
~-- ..... ,,~ t ID • 
~Cllla'n ... 

II ilili 
~7 ' ' , .. -/-; +!) - (.. c....c.. ... '- 0.-. 

I 
! 

: 
I 

i ' 
\1/ 

I I I I I 

Drilling Area ~_..., 
Background (ppm):L L.._~ 

Converted to Well: Yes "'1" 
"'" ---- Well to. #: ~ ________ _ 
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PROJECT NAME: e (UL.-- 5-1k 4\ BORING NUMBER: 4'/ T:. ~,t.f 
,OJECT NUMBER: NDZ..l't -Zone. A DATE: c,,/'fI«'1 
.ILUNG COMPANY: L;;,i_~~,-;, 'c_ GEOLOGIST: 

KILLING RIG' --~~":;;';"'------DRILLER' -----------

MATERIAL DESCRIPTION PlDIFID ".edino ''''''''' 
s.mp4. Oopttl 8Iow,' S.mp/. \.ltholoOY I I u I I., I L I 

lililil~1 

I 

No, ,Ftl s- O. Rte"""" ChanD' S"i1 5 

I ' II~ttllFl.' Donslly/ I j Sempl. I Con,'sl."e 
L.ngth 0' y Colo M31~rla' Clalliflcatlon 

Se" .... d Of . 
1m.",. Rock 

Herdn ... 

I ,/ L.+, 
1-' <) J 

'" I;", /~ tt. ' 

"Z.. ,/"'/ 

"> // Sr{";,;, <::: --<J"-kr. _/~, . l.. 4, 

'-i 
,/ )~j, i~i. 5,:--_f / ((".f ({:..f' /" (,...'('l,('-o .. - ./ 

C / " ("" I , 

f '- --/ ~~, .): -I...; ". fl _ n ... t.. .... t. 

, 
[ /,/ j)/. ~ J ~'(:y C,-"r, /~ v' 

./ 
, 

iSI- S,-'-<..J'.,I t I~ c/~/S .. I f~ C}- ,/ .) :~ 
i I I 

1 ",/ or '- '5 _____ ,) 1-, .-<-

/0 // ~ 
/, 

S (~-,j/'.r (' (u -/ 

I) /' 
./ 

,.j! I s:- " 0) r..~ 11/4 ~' .......... " ,\... ~;' 

'u- ,// '1f:.{- It 
,.,..r"· 

./., 
, , 

./ 
./ 

.-' 
./ 

./ 
, 

/' 

//' 
, 

--.-

/' 
I r I I 

--/' , 
/' 

/" 
/ 

// 
,.-,,-

.,-

./ 
// 

// 

//' 
/' 

~ rock cor1f~, enl!r roc:\( brokeness 

•• 'netude monitor readIng In e fccl !nt!rla~ ~ boreholf! Incr('rlt;1! rpt1,:bng frequency if '!!ev(IIled reponse reid 

Remarks: ________ ----------------

Remarks 

ft Ii ~ .. 
.lI ~ 

II 0 

,iJ/\.1 

7-> v "'- -

U ie, > I ZS;u ~ '-' c .:, 

i Kc ;;) .; v 

\ 

\~ 
" 

, 

t-,~ 
.::i~ 

I 
I C/ :v 0 <:> 0 

\~ 

I I I I I 

Drilling Area r----, 
Background (ppm): I '-_-..J 

Converted to Well: Yes '~/.' No ----
Well t.O, #: __________ _ 
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PROJECT NAME: r; A.J t..- 5 ik L\' BORING NUMBER: '-/1 1> ,pS' 
PROJECT NUMBER: -N-()Z.-1-=9--=----:8=-I-:d~~:.=.::I'\~\-----DATE: 6/0-7 if q' 
DRILLING COMPANY: C;:;lu.-) 1'-'- GEOLOGIST: 
DRILLING RIG: <; DRILLER: -~U""'~ r;or-',,-::)--l'i------

Oeplll Blows I 
1Ft) 6" or 
or ROO 

Run 1%) Remarks 
RQO No. 

~DL~~--~~~~ 
• I 

• When rock coring. enter rock brokeness. 

"'nclude monitor reading in 6 root intervals @ borehole. Increase reading frequency if elevated reponse read. 
Rema~: ____________ ~ __________________________ __ 

Drilling Area 
Background (ppm):r-I --, 

Converted to Well: Yes No ---- WeIlLD. #: _________ _ 
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PROJECT NAME: _.....=.e-=/~v_c....---=S~· I..:..;\e=---:4..:...\ ..1..B!!:;ld::....:.....IQ:.!.i_ BORING NUMBER: <-f / is <:/J ~ 
cROJECT NUMBER: -:..;N:.::D;.:,;"l.;;.,.I'1..&..r-_.,...-.::'Z.;:.o.;.,;.n,:e.....;A:...:-· __ DATE: Gil 9-1'1 r 

~ILlING COMPANY: ~ Iu:.......S;.~ GEOLOGIST: ~~~-f------
DRILLING RIG: 5=£ .. +.) ·ctu... DRILLER:;? - nt. =J 

Otplll Blows I Sample 

IFl) 6"" or Changt 

or RQO (Otp1lllFl 

Au" !%) Sample ! 
RQO No. Llng1!l or 

inwrvai 

• When rock cering. enter rock brokeness. . 

.. Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated repanse read. 

Remarks: 
------------~-------------------------------

Remarks 

o 

Drilling Area r--....., 
Background (ppm): .... 1 _-'" 

~onverted. to Well: 
-:/'. 

Yes No ------ Welll.D.#: _________ _ 

~: ... ~,~ 
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PROJECT NAME: BORING NUMBER: 41 /3 / t 
'ROJECT NUMBER: ---=----=-~~,----DATE: " /1 'f;2'{ t 
RILLING COMPANY: GEOLOGIST: _-:"?--;:!!"_'-"""":I"----__ 

DRILLING RIG: DRILLER: /2. Pr ~::J1 

D.pth Blows I Sampl. 
(Fl) 6" or 
or RCD 

Run (%) Sample 
RCD No. Length or 

• When rock coring, enler rock brokeness. 

-Include monitor reading in 6 fool intervals borehole. Increase reading frequency if elevated reponse read. 

Rerriar1<s: 
------------~-----------------------------

Remarks 

o 

Drilling Area 
Background (ppm): .... ' -......, 

Converted to Well: Yes No ------ WeIlI.D. #: __________ _ 
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PROJECT NAME: C~.).J (. 5i~ 4l BORING NUMBER: 4/ l3, i I 
PROJECT NUMBER: -N-D-"Z.~lq~--""'"-~""""'~I1~--DATE: ~ / let / '1f 

DRILLING COMPANY: C,;,.JJ. fz' GEOLOGIST: ( 
DRILLING RIG: ~:r,~;;: z: DRILLER: -2""'7-. 1"""'S'-.. -~_._jJ~r -----

I: MATERIAL DESCRIPTION 
Sample cepth Blows I Sample Lithology, I 
I 

No. !Fl) 6" or RecDvery Change Soil 

and I or I RCc I I IIDePtllll't

1 

Oen=;!}'! 
Typo 01 Run ('I.) Sample I CDnsistenc ~ 

ROO No. Length or y Colo Material Classification 
Screened Of 

InteNal Rock 
Hardness 

\ / [l?/j\ <;; //v C;LJ 
"Z / gil >~;L/ 5~, C /.1 

/ Fe) 
I 

~ 

i / ~~ L 
~ / ~ 

./ 

~ / I C;~~( {/~\J 
..-r / f(;~ r Q.Yl/ 

</ L It.4 ~ tL 
" 
I / ~ u" 

/0 / ~~ >'<1 t:;ll/y 5c~ 
f I / I I 
IL-- / 7A' ( , tt 

/ 
,/ 
i/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

• When rocl\ conng, enter rocl\ brokeness. 

u 
s 
c 

I ~ 

o 

o 

= include monitor reading in 6 fool intervals @ borehole, Increase reading frequency if elevated reponse read. 

Remarks: -------------------------------------------------=-

PIO/FIO Ruding (ppm) 

, . 
Remarks ~ N 

Q III 

j 

I 

o 't: ~ I ~ 
III Q 

Drilling Area .--_..., 
Background {ppm}: 1,----, 

Converted to Well: Yes Ivvr No ---- Well 1.0. #: _________________________ _ 

. I 
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pr-- JECT NAME: e vt G. S',\e, loll Sire Ie\! BORING NUMBER: 4- / lSi z... 
r IE CT N UMBER: -\'\I--"O::::..ZJ-"-Cj----'=.!..:.""'-"Z.o--'-'-n-=e~Ad-'-~ DATE: C. /19/9! 

_LING COMPANY: G !~v>" (-'. GEOLOGIST: _~-.,-_-+" ____ _ 
DRILLING RIG: ·'5+vr--+ .. ,;tvuL- DRILLER: 12/3y-::J( 

( 
/' 

/ 
, / 

7_ 
,,/ 

/ 
~ /,/ 

I , 

'f /'/ 
/' 

S // 
/ 

G / 
/' 

" 

" cy " L 

/0 , /' 

if , / .' 

f'- /' 
// 

/ 

,,/ , 
/' 

// 

,/ 

/ 
/' 

/ , 

Screened or 
Intorval Rock 

Hardnes~ 

~}V 

~/<.t 

Material Classification 

L d, I 

, , / 

U 
5 

I~ 

PIO/FIO Ruding (ppm) 

Remarks 

f 

/' 
/ I I I I I I I I I 
// 

/' 

" / 

/ 
// 

/ 

L/ 
// 

/ 
•• t1en rock cOllng, enter rock brokeness 

•• Include me-nltor reading in 6 foot intervals @ borehole Incre~<e reMlng fre'luenr.y Ii eievaie1 reponse read 

Remarks' 
--------------------~----------------------

r.nnvprtpri tn Wpll No Well LD. #. 

Dri!!ing Area 
Background (ppm): Ir----. 

-----------------------
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PROJECT NAME: t' ,,0' c- S"I-k 4 \ BORING NUMBER: ~ I I~ I .$ 
PROJECT NUMBER: NO'2..1ct -z.Q(\~ A DATE: =~Ct""'~I+-""'<.-::;":z~/~Ct""7,(r-----
DRILLING COMPANY: __ Cv=.;;..· . __ {~_. -,S_' ';....' .... _____ GEOLOGIST: c I . r, 
DRILLING RIG: S.-j -rJ-..f~ DRILLER: ---:(('-. '-\'{ )-L ~-, ~------

I $amp'. O,pUI 
No. (FL) 
lnd or 

Type or Run 
RQO No, 

1/ 

3/ 

\ I( / 

J- / I 

/0 / 

if / 

• When rock coring, enler rock brokeness. 

MATERIAL DESCklt-' IIO~ 

I 

I ,. 

u 
s 
c 
s 

"Include monitor reading in 6 fool intelV3ls @ borehole. Increase reading frequency if elevated reponse read. 

Remarks: -----------------------------------

Remarks 

I ' 
q 

I~ 

I 

Drilling Area 
Background (ppm):r-I -..., 

Converted to Well: Yes "r :.::'72 No ----- WeIlI.D. #: __________ _ 

, 
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PROJECT NAME: t.-Iv I::. Sjte YI BORING NUMBER: (/../ 131 ~ 
PROJECT NUMBER: -N-D.....:z...,.;;'3~-....;:"Z:::...ol...l.rre~-I..B.:.....·--DATE: (.. b 7...( r 'f 

RILLING COMPANY: Ce (~ s,' '- GEOLOGIST: -...,.--~...,..,..~:----l!~-
JRILLING RIG: S+,,~ foJr"~f..... 

Otpth Blows I Sample 

IFl) 6" or Changt 

or RCO ICtpllllFl 
Run i%l Sampit j 

ROO No. Ltngth or 

• When rock coring, enter rock brokeness. . . 
"Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

Remarks: 
--------~-------------------

Converted to Well: No WeIlI.D. #: 

Remarks 

Drilling Area 
Background (ppm):r-I --, 

Yes 1wt ---- ---------------------------
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PROJECT NAME: CJv':;'" 5"j.!e YJ BORING NUMBER: ((-/ (3{,) 
PROJECT NUMBER: N D'Z,.Ig. 'Zpne Pi DATE: .;......;.;..;......;.;.?-~1r,~1 =r~1r------
DRILLING COMPANY: __ -?0J:;:::;I~{~,-,-,",-~(~I(.I..~ ____ GEOLOGIST: _~ __ ..--,r..-___ _ 

DRILLING RIG' 5 -tvv. f~ i'tvL DRILLER: i2. I Sv~ 
MATERIAL~L()N 

Isample Ceptt\ Blows' Sample Ll1hology 
1 ~::;~~;(i?; 01' " u 

No. (Ft.) 6" or iReC~ye" Change ' ,:" ':"::' 
I ,.o!n.~:~E~ , ",', "I' S 

and or ROD (Oept!llFl I' ,,:,' 
C T~~o! Run (%) Sample I 

~j 
" 

RCO No. Lengtll or S 
I ... . 

Interval .'" 
" !! 

'"", ' 

\ /' j), ... ~;i I-Iv 5~ 
1- /' ) fJ-~ll «; /-1./ ~u..1... C~oL 
-;, /' . r~)j". [({;.'<{;l{ ~tJ 

I 

\0' ,{ 

Y' /' 
(~v rL, tL '" 

{ /' 
/ 
/' 
/' 
/' 
/' 
/' 
/' 
/' 
/ 
/' 
/' 
/' 
/' 
/' 
/ 
/' 
/' 
/' 
/' 
/' 

• When rock coring. enter rocIc brokeness. 

.. Include monitor reading in 6 fool intervals @ borehole. Increase reading frequency if elevated reponse read. 

RemarKs: 
------------~-------------------------

PIOIFID ReadIng (ppm) 

t:: :1 
I; y. 

';'I" 

,'~':~ ~~: Ii: 
Remarks ' ~~ 

~~' 

h 
;;~ 

1\1 ~ i.~' ~{ 
~/.s1 

i?'k 0 i1!. 0 

.y 

Drilling Area ~ 
Background (ppm): ~ 

I 

Converted to Well: Yes IJ:\g" No ---- WeIlI.D. #: ___________________ _ 
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ROJECT NAME: BORING NUMBER: (/. ( f) (' 
PROJECT NUMBER: -.,..----""'~~~'-I...:-"""--...;..:---DATE: _.;:...:7../../..:..,/:....1 ~r...:.f _____ _ 
DRILLING COMPANY: GEOLOGIST: II 

DRILLING RIG: DRILLER: -e~J=->,-.::J-i+------

Olpth 

IFl) 
cr 

Run 
RQO Nc. 

u 
s 
c 
s 

, When rock coring, enter rock brokenllS$. 

- Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

.emarks: -------------------------------------------

Remarks 

Drilling Area 
Background (ppm): .... I-----. 

Yes =r~ Converted to Well: No ---- \1\/011 I n 4# • .. ""' .. I.~. Tr _____________ _ . 
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PROJECT NAME: __ ~C,;..:'/J::.....;;::;t.-.::5::::..l·I...:...;k~L4:.:...,1 ,...--__ BORING NUMBER: ~ { !3 I 1-
PROJECT NUMBER: ~N=D:..=1~19..:-:----:--:--,-z..;;...;o __ ri..;.;;e.;;;....:.,A.:--__ DATE: ?-I " q 'f 
DRILLING COMPANY: Cclu .• _\:.... GEOLOGIST: 
DRILLING RIG' S-\v;..{, ~ vo\v- DRILLER" --''i~, .... t'Sr-~ (;1.-:)--+-----

MATERIAL DESCRIPTION PlDIFID ~ .. dIng (ppm) 

s.tmpl. O.PIII Blows I ~mple LJIIIology 

I 
U -. 

No. (Ft) S- or Recovery C~nge Sol' S -
and~ or I RQO I ~!p.e rO=~~tl c=.:'nc C .! ~ ~. ~; 

T::~DO ~:~ (1',) 

~olo1 Remarks 
Length or Y Material Clanlfication I S I Go ~ ! 

Scl'Hnwd CK . , .' ,. . Ii 1~1~~j lntaMlI . Rack' .. ~' .~:::!:;·r:~~:·" .. ': 
HardnHs 

I ....... ~ ,I r ':'-:"/.~ • , 
.' ' ''',;'''''' A· ... • 

) /' ~ 
f--:)\... CI,,-'f<Y ~J )tic; ,>1 

t /' ~~~ .J d 
-{ s L ~LL1"- SC~. ,I (l'f ~o" 
( \ 4 /' V I'J'v"....)d..·0. ~ r.Y 

::- /' I 1 s ... +~L-""-fJ , 

fp /' J, cL 

/' 
/' 
/' 
/ 
V 
/' 
V 
L 
/' 
/' 
/" 
/ 
/' 
/ 
V 
/' 
/ 
/ 
/ 

• When rock cering. enter rock brokeness. 

- Include monitor reading in 6 fool inlervals @ borehole. Increase reading frequency if elevated reponse read. 

Remarks: --------------------------------------------

_,L 

Drilling Area 
Background (ppm):r-I --, 

Converted to Well: Yes No ------- Well 1.0. #: ___________ _ 
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PROJECT NAME: ----,._~'---_...u...=-~_-80RING NUMB;;.;E~R~: _4-~/-;;.I3...,...,....1 «~ ___ _ 
PROJECT NUMBER: DATE: =t-/I' 'l q 
JRILLING COMPANY: -";";"';=--7-r~:--=';"';':'~--GEOLOGIST: __ ,-_---.:--___ _ 

DRILLING RIG: DRILLER: e: i) .. ",J 

D.pth Blows I sampl. 
(Ft) 6'" or 
or RCD 

Run (1'.) Sample 
RCO No. L.ngth 

• When rock caring, enter rock brckeness • 

.. Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevate\! reponse read. 

-"!niarks: 
------------~-----------------------------

mverted to Well: Yes I.............y' No Well 1.0. #: 

Remarks 

Drilling Area 
Background (ppm): [QJ 

, ----- -----------------------
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PROJECT NAME: CvU (." Si~ 41 BORING NUMBER: tll/3! C; 
PROJECT NUMBER: NDZlq "[one ·ft DATE: -----~:r:-"/~/~/"""-?~r,....' ----
DRILLING COMPANY: __ =C;~l~==~.:.../ ·£I"-_____ GEOLOGIST: /f 

DRILLING RIG: DRILLER: --,iar-, -(~"""",-~.-_~y'..------
Olptll Blows/ 
1Ft) 6" or 
or ReO 

Run 1%) Simpl: 
ReD No. Length 

• When rock coring. enter rock brokeness. 

.. Include monitor reading in 6 foot intervals - borehole. Increase reading frequency if elevated reponse read. 

Remarks: -------------------------------------------

Remarks 

Drilling Area ~ 
Background (ppm):LUJ 

I 

Converted to Well: Yes T~ No ------- WeIlI.D. #: __________ _ 
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PROJECT NAME: C J{;0 si k' Y\ BORING NUMBER: '/115 z d " 
,:lROJECT NUMBER: -N":::'Q'::""Z..~19=--::..w'"t.~o-,,"":'-e~A-- DATE: _1.t--f.Z~(.,",-I..!..Y--:f:...-.. ____ _ 
·)RILlING COMPANY:_-.l.L~-.:z~~.;;,;;;~~S.;...' "---:-_____ GEOLOGIST: 
DRILLING RIG: 5-L ... +J/hu '- DRILLER: ---'1?-, -:"/""3~-<~--fo?-------

Oeplll 
(Fl) 
or 

Run 
RQO No • 

• When rock coring, enter rock brokeness. . 

- Include monitor reading In 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

Remarks: 
------------~--------------------------------

Remarks 

Drilling Area --1::.
Background (ppm):Ltl.LJ 

\ 

Converted to \"JeU: No ---- WeIlI.D. #:_~=~ _____ _ 
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PROJECT NAME: _~c.",,::~ :;-;vV .... C;:;;..' ---""5 ...... i..:..::~--.:Lto.:..,l ,...-_BORING NUMBER: L/ I ~ z I 
PROJECT NUMBER: ~N~{)~'2..::...:lq,..;-,.---:::~-z.o=:.:.:r'le.::....!.lA __ DATE: "1/6/ r 'I 
DRILLING COMPANY: Z~I-..s('~ GEOLOGIST: 
DRILLING RIG: S f-~-!~ (f~ I....... DRILLER: --:"g ....... ~~. :...y-. --.1-----

Ceplh 

!Ft.! 
or 

Run 
iiC/O Ne. 

Blows I 
6"' Dr 
RQO 
('II) 

u 
s 
c 
s 
• 

• When rocIc coring, enter rocIc brokeness. 
"Include monitor reading in 6 fool intervals @ borehole. Increase reading frequency if elevated reponse read. 

Remarks: -------------------------------------------

Remarks 

Drilling Area 
Background (ppm):r-I (/?-,k--, 

Converted to Weii: Yes 1 .. ~ 
I 

No ----- Well 1.0. #: __________ _ 



BORING NO.: CPc...c,-/-"'~t!>1 

OVERBURDEN MONITORING WELL SHEET 

LOCAT 
-----:;----"~'"7:-_:__-----=- SORI NG 

DRILLER 
~~~~~~~METHOD:~D~P=T--------~ 

ELEVATION 
FIELD GEOLOGIST 

DRILLING --------l DATE ---..,.----.,.---
DEVELOPM 

~~~~~~------------~ ----------l 

ELEVAT!ON OF TOP OF SURFACE CASING: 

-4------.,---ELEVATION OF TOP OF RISER PIPE: 

..... i----+----Si.1CK·UP TOP OF SURFACE CASING: 

..... 1---+---STICK-UP RISER PIPE: /1 
..----i---I.D. OF SURFACE CASING: t' . 

TYPE OF SURFACE CASING: Jfed rJ«" -~ Die 
W,'"}l.. (, Yf-V" 

U~~l;:t---TYPE OF SURFACE SEAL: cOl\lrtft ~erJ 
"2' ) Z 1)( ",II I 

~t----t---RISER PIPE 1.0.: 

TYPE OF RISER PIPE: 

.----t--- BOREHOLE DIAMETER: ...-...19.:... k..l;:..::;S...."If....,.,...-r-,....,..._ 

.----i----TYPE OF SEAL: 9' cd' 'tb ,,'f hIs 

,.., ""'.~I_"I' _~,",,'?II _r- "''-''1. 4-__ +-__ C:I..C:V"'IIVI~/Uc:r-lnVr-.:::>~L.. I: 
~---t-----TYPE OS SEAL: 30/"'5 .s~tt1 

DEPTH TOP OF SAND PACK: 

4----i-__ ELEVATION I DEPTH TOP OF SCREEN: 

----!---TYPE OF SCRE:;:N: 

SLOT SIZE X LENGTH: 

I.D. OF SCREEN: 

........ 
..... ---i----- TYPE OF SAND PACK: 

.sG~ 46 pvc 

10 s\o+ X It) I 

Z 1/ 

__ ---+---ELEVATION I DEPTHBOTTOM OF SCREEN: 

._---i---- ELEVATION I DEPTH BOTTOM OF SAND PACK: 

TYPE OF BACKFILL BELOW OSSERVATION 

, 0' 

'I', 0'1 

IMCI I • ~ 0 , ? n 
1_-1-___________ ~!::::j----~~~~~TION I DEPT;OF h'"a~E: 



BORING NO.Ctt:.4r -~3 
OVERBURDEN MONITORING WELL SHEET 

PROJECT~~~~~~~~ __ __ 
PROJECT NO. 
ELEVATION 

FIELD GEOLOGIST J-'-I''''"''-''--~~~~~---------~ 

t--------;::;~iiiiiiiiiiiiiliiil~====~-- ELEVATION OF TOP OF SURFACE CASING: 

.... ---i---- ELEVATION OF TOP OF RISER PIPE: 

.... I---t----ST.ICK·UP TOP OF SURFACE CASING: 

~F---f---- RISER. PIPE 1.0.: _2~(I-\~"-: __ --::-_ 

TY':; OF RISER PIPE: r=rKLXA,. ,,~, 
pI V'5t...=t1v'erW;/ '(6 T:L 

__ - __ f---- BOREHOLE DIAMETER: !:::~..;.,' 2~6..L.'...;.1",.l.--__ _ 
._-___ r---TYPE OF SEAL: &N!9..IA.d. C'£w>OJAi 

-type ::r: 
.... -__:r--- ELEVATION I DEPTH OF SEAL: I 
"4--__ r---rYPE os SEAL: 'Ckl::e 1!\rdtr (Wk> _..;...:...:.-:.r~ 

rIE <Qfz., -fg N1 

"4-----~--DEPTH TOP OF SAND PACK: 

.... ____ ~-- ELEVATION I DEPTH TOP OF SCREEN: I ----l 

---:----TYPE OF SCREEN: 1?tt: >-A·qf), fC.r. , ' 
SLOT SIZE X LENGTH: (). () I 0 ,'", )l. [ {)..j:I, 

1.0. OF SCREEN: 2,'~ '. 

TIPE OF SANO PACK: if!:i? f,Jjz . 
./;dA rXi G it ,,@ Nt 

t---__ r---ELEVATION I DE?THBOTTOM OF SCREEN: 

1---+---- ELEVATION I DEPTH BOTTOM OF SAND PACK: 

TYPE OF BAC~LL BILOW OSSERVATION 

WELL: (ZCJ/3~) rQIz.. 6tl.f\.d 
1_-'-___________ ""'4J __ --_-_-...J..;...---ELEVATION i OEPrHOF HoLE: _...;./"";";':;'--j 



BORING NO.:ak;q{ -!!J.f...fJ5 
OVERBURDEN MONITORING WELL SHEET 

PROJ 
PROJECT NO. 
ELEVATION DATE 

FIELD GEOLOGIST =:::=::=:=~:::"-------------i 

r-------:;;:::~iiiiiliiiiiiiiiiiiiiil~====~--ELEVATION OF TOP OF SURFACE CASING: 

ee Q dQ'{ -If; 

.,o..I).[)V c{rl).YJ ro 
peIni cxiir~ 

.... ---!---ELEVATION OF TOP OF RISER PIPE: 

..... 1---+---ST.ICK ·UP TOP OF SURFACE CASiNG: 

.... i----!---STICK·UP RISER PIPE: 

~--+--I.D. OF SURFACE CASING: 8 (t to f... tV i'6ip 

TYPE OF SURFACE CJS1NG: ~fee!Gve,.. V 
8ori-<:lrf /.cJ / ~(c66. C~) 

1f:T~1-~--TYPE OF SURFACE'SEAL:Ceq-e<k. fU:::I 
((QcJ<'tkqe4:~ 2(~Zc c 6ct 

~F----l---RISER PIPE 1.0.: --.;:2:...f'_~.;...-. ___ _ 

TYPE OF RISER PIPE: ~Cr ~oJ1'1tJ 

gvs~ -r1yoeqd C':·-r:) , 
..._--+--- BOREHOLE DIAMETER: ~8::;..';.::2 ... S ... , __ ''' ____ _ 
__ --+---TYPEOF SEAL: fl!)t4{(jll\d CeMe,fl+ 

type ;C 

.... __ f--__ ELEVATION I DEPTH OF SEAL: z.. 
~--+---TYPE OS SEAL: (tClwke ~Ni(' (Jp (Qiz. 

?:8nd 

:t-.--~--DEPTH TOP OF SAND PACK: 

.... __ +-__ ELEVATION I DEPTH TOP OF SCREEN: I 
---+--1 

----+---TYPEOF SCREEN: PrJc.?<:ft.W r·r. 
f ) 

SLOT SIZE X LENGTH: (!)J9to tIn!? (J!N.."t • 

1.0. OF SCREEN: ___ 2.~{ ' .... Il...;... _. ___ _ 

e---+-- TYPE OF SAND PACK: (~/x/) n'ne (P \ 
cOfz...@0Brk) 5 A4 C~kndcard ?all.J &) 

t---I----ELEVATION I DEPTHBOTTOM OF SCREEN: 

1---+---- ELEVATION I DEPTH BOTTOM OF SAND PACK: 

TYPE OF BACKFILL BELOW OSSERVATION 

WELL: (&/ ~s1) ?and. 
t--'-__________ ~~~·::.,j---ELEVAT!ON! DEPTH OF HOLE: I 



PROJECT NO. 
ELEVATION 
FIELD GEOLOGIST 

OVERBURDEN MONITORING WELL SHEET 

DATE 
-------T-~--~ 

DRILLING 
--""~'--L...L-----i 

~~~~~~~~ ______________________ ~DEVELOP 

BORING NO.: ----

1---------:;:::;;-iiiiiiiiiiiiii .... Ii==:::::!.-----ELEVATION OF TOP OF SURFACE CASING: 

~---i----ELEVATION OF TOP OF RISER PIPE; 

..... 1----+---- S1=ICK -UP TOP OF SURFACE CASING; 

!-!!!!!!!!----...;---STICK-UP RISER PIPE: 

-4--+---1.0. OF SURFACE CASING: 
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